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Abstract
Natural drying of fuel wood is a feasible option to increase resource efficiency in biomass based 
energy supply. Meteorological data based drying models are the state-of-the-art to monitor the 
drying progress. The continuous weighing approach is used to gain data for developing these 
models. The aim of this study was to investigate the drying performance of oak (Quercus L.) 
logs stored in piles for energy purposes and assess the effect of model time interval base on the 
accuracy of meteorological data based drying models. The log pile’s moisture content dropped 
from initial 38.9% on February 1, 2013 to 24.8% on October 21, 2013, resulting in a total 
reduction of 14.1%. At the end, moisture content was distributed evenly within the logs and 
total dry matter losses were low (2.4%). From load and meteorological data, models were de-
veloped including 10-minute, hourly, daily and monthly time interval bases. Model perfor-
mance was validated by comparing the model estimates to the basic observation. Models proved 
to be very accurate in estimating moisture content change. Compared to the observation, the 
hourly time interval based model was the most accurate option (mean deviation of 0.10 ±0.13%), 
while the least accurate option (10-min interval; 1.49 ±1.29%) was still reasonably accurate. 
Daily and monthly time interval based models are most suitable for use in the forest industry, 
as they are accurate, while requiring less extensive and detailed input data than models based 
on hourly or 10-minute time interval.
Keywords: meteorological models, drying modeling, fuel wood, natural drying, log wood, 
woody biomass
1. Introduction
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in	 Europe.	 Throughout	 history,	 oaks	 have	 been	 a	
source	of	building	material	and	feedstock	for	manifold	





















are	placed	on	 load	 cells.	Consequently,	 the	drying	
progress	of	the	biomass	can	be	followed	continuously,	




















moisture content change is related to one or more of 
these	variables.
Continuous	weighing	allows	gaining	high	resolu-
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for	 transport.	 Laboratory	 analysis	was	 carried	 out	
















































After	 that,	 multiple	 linear	 regression	 models,	
which	estimate	moisture	content	change	(%)	on	the	
respective	time	interval	level,	were	developed.	Their	
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common	principle	is	that	moisture	content	change	is	
a	function	(1)	of	meteorological	parameters	and	season	
(1)	 (10-minute,	hourly,	daily	 time	 interval	 level)	or	











 MCA = Intercept + WS + TK + RH + RA + P + SE   (1)

















Table 1 Valid range of the models is defined by the 5% and 95% 
quantile of the explaining meteorological parameters
Model basis WS, m s–1 TC, °C RH, % RA, W m–2 P, mm
10 minutes 0.0–3.7 –2.6–26.4 42.7–99.8 0.0–0.8 0.0–0.1
Hourly 0.0–3.5 –2.6–26.4 42.8–99.8 0.0–0.7 0.0–0.5
Daily 0.3–2.9 –2.1–23.6 60.2–94.2 36.5–319.6 0.0–13.3
Monthly 0.7–1.5 0.4–19.9 68.5–84.9 78.0–257.5 7.0–145.3
WS = wind speed; TC = air temperature; RH = relative air humidity
RA = solar radiation; P = precipitation
3. Results
Daily	mean	wind	speed	was	1.0	±	0.9	m	s–1,	while	










2013,	 resulting	 in	a	 total	 reduction	of	14.1%.	From	
March	to	August	the	moisture	content	dropped	steadi-
ly.	Drying	then	slowed	down	considerably,	and	finally	
remained relatively stable until the end of the observa-




























Table 2 Overview of developed oak log drying models
Time interval Std. error R2 adj. p-value
Mean deviation from 
the observation
10-minute 0.01 0.54 <2.2x10–16 1.49±1.29%
Hourly 0.05 0.58 <2.2x10–16 0.10±0.13%
Daily 0.25 0.71 <2.2x10–16 0.66±0.51%
Monthly 1.17 0.76 1.6x10–2 0.62±0.49%
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deviation of the hourly level estimation from the ob-













Fig. 1 Observed drying performance (continuous line) and estimated drying performance (dashed line) of the oak log pile during the drying 
period February to October 2013 for different time interval bases (estimated performance on hourly time interval base was almost perfectly 
similar to the observation)
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Table 3 Model statistics, parameters estimate, Student’s t-test 
and summarized test statistics of 10-minute time interval oak log 
drying model
Parameter Estimate Std. error t-value p-value
Intercept –4.43x10–2 4.55x10–3 –9.74 <2.0x10–16
WS, m s–1 –5.30x10–4 6.24x10–5 –8.50 <2.0x10–16
TK, K 2.04x10–4 1.52x10–5 13.46 <2.0x10–16
RH, % –1.39x10–4 5.97x10–6 –23.31 <2.0x10–16
RA, W m–2 –2.48x10–2 4.12x10–4 –60.34 <2.0x10–16
P, mm 9.69x10–2 4.92x10–4 197.01 <2.0x10–16
SESpring –4.66x10
–4 2.21x10–4 –2.11 3.4x10–2
SESummer –6.26x10
–4 2.41x10–4 –2.60 9.5x10–2
SEWinter –1.01x10
–3 2.87x10–4 –3.50 4.7x10–2
WS = wind speed; TK = air temperature; RH = relative air humidity
RA = solar radiation; P = precipitation; SE = Season
Table 4 Model statistics, parameters estimate, Student’s t-test 
and summarized test statistics of hourly time interval oak log drying 
model
Parameter Estimate Std. error t-value p-value
Intercept –3.83x10–1 3.92x10–2 –9.75 <2.0x10–16
TK, K 1.58x10–3 1.33x10–4 11.90 <2.0x10–16
RH, % –6.65x10–4 5.21x10–5 –12.77 <2.0x10–16
RA, W m–2 –1.46x10–1 3.98x10–3 –36.63 <2.0x10–16
P, mm -8.68x10–2 1.04x10–3 83.49 <2.0x10–16
SESummer –5.70x10
–3 2.21x10–3 –2.58 1.0x10–2
TK = air temperature; RH = relative air humidity; RA = solar radiation;
P = precipitation; SE = Season
Table 5 Model statistics, parameters estimate, Student’s t-test 
and summarized test statistics of daily time interval oak log drying 
model
Parameter Estimate Std. error t-value p-value
WS, m s–1 –8.21x10–2 1.77x10–2 –4.64 5.6x10–6
RA, W m–2 –1.15x10–3 2.69x10–4 –4.26 2.9x10–5
P, mm 7.00x10–2 3.24x10–3 21.63 <2.0x10–16
WS = wind speed; RA = solar radiation; P = precipitation
Table 6 Model statistics, parameters estimate, Student’s t-test 
and summarized test statistics of monthly time interval oak log 
drying model
Parameter Estimate Std. error t-value p-value
Intercept –134.80 37.84 –3.56 1.6x10–2
TK, K 4.87x10–1 1.39x10–1 3.51 1.7x10–2
RA, W m–2 –4.95x10–2 1.34x10–2 –3.71 1.4x10–2
P, mm 3.62x10–2 9.58x10–3 3.78 1.3x10–2
































one drying season indicates the need for a second dry-
ing season if one wants to reduce the moisture content 
to	20%	or	below.	Further,	if	the	starting	moisture	con-
tent	was	higher	than	the	observed	39.5%,	a	second	dry-
ing cycle would be inevitable to reach moisture con-
tents	below	30%.	Golser	et	al.	(2005)	conclude	that	tree	
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is the inability to assess the behavior of snow cover 
appropriately.	Since	the	drying	period	of	this	experi-











be very accurate in estimating moisture content change 
and	in	comparison	with	the	observed	drying	perfor-
mance,	regardless	of	the	time	interval	base.	Daily	and	
monthly time interval level based models are most 
suitable	for	use	in	the	forest	industry,	as	they	are	ac-




ter losses of fuel wood stored as logs may be much 
lower than those recorded for logging residues and 
whole	 trees	and	 that	natural	drying	 is	an	effective	
method	 for	 reducing	 fuel	wood	moisture	 content.	
However,	oak	logs	shall	generally	be	subject	to	a	dry-
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